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Introduction
Vascular endothelial growth factor (VEGF)-targeted therapy has been used widely for several types of solid tumors such as metastatic colon cancer, non-squamous non-small-cell lung cancer, and human epidermal growth factor receptor (HER2) 2-negative breast cancer [1] [2] [3] . In colorectal cancer, the use of VEGF-targeted therapy in combination with chemotherapy is the accepted standard of treatment. Bevacizumab, ramucirumab, and aflibercept are VEGF-targeted therapy agents approved for use in Japan. These drugs were approved by the United States Food and Drug Administration (FDA) for the treatment of metastatic colorectal cancer (mCRC) in 2008, 2014, and 2011, respectively.
Ramucirumab is a human immunoglobulin G subclass 1 (IgG1) monoclonal antibody that specifically binds to the extracellular domain of VEGFR-2 with high affinity, preventing the binding of the VEGF-A, C, and D ligands and receptor activation [4] . In a pivotal randomized, double-blind, placebo-controlled phase III trial (RAISE) [5] , the safety and efficacy of ramucirumab in combination with folinic acid, 5 fluorouracil, and irinotecan (FOLFIRI) as secondline therapy in patients with mCRC that progressed during or after first-line therapy with bevacizumab, oxaliplatin, and a fluoropyrimidine were proved. Ramucirumab carries a specific adverse reaction profile as well as other VEGF-targeted therapy, including hypertension, bleeding, gastrointestinal perforation, impaired wound healing, and arterial thromboembolism. However, skin toxicity such as skin ulcers from VEGF-targeted therapy is rarely reported. Moreover, there are no such reports on ramucirumab.
In this report, we describe a case of a large skin ulceration around a colostomy and delayed healing caused by ramucirumab. To our knowledge, this is the first case report detailing the clinical course associated with such skin toxicity around a colostomy following VEGF-targeted therapy.
Case Presentation
In June 2016, a 58-year-old male patient was referred to our hospital for further investigation and treatment of mCRC. He had no notable medical history, such as a history of diabetes. A thoracoabdominal contrast-enhanced computed tomography (CT) scanning showed thickening of the rectal wall and multiple metastatic liver and lung lesions (Fig. 1 ). Colonoscopy revealed a type-2 lesion with an associated ulcer centered on the rectum, with severe stenosis, beyond which the colonoscope could not pass. Histopathological examination of the biopsy specimens showed adenocarcinoma with RAS mutation. We could not evaluate for BRAF gene mutations at that time.
In June 2016, first-line treatment comprising folinic acid, fluorouracil (5-FU), and oxaliplatin (FOLFOX) and bevacizumab was initiated. He initially achieved a partial response after two cycles of treatment, with no major toxicities. In August, after six cycles, computed tomography imaging revealed stable disease; however, his constipation had worsened and he was diagnosed with subileus. Surgical treatment was planned to avoid ileus. The patient received one dose of FOLFOX without bevacizumab to prevent impaired surgical wound healing. He underwent a laparoscopic colostomy in September, 19 and 33 days after the final chemotherapy and bevacizumab treatments, respectively.
Second-line therapy with folinic acid, 5 fluorouracil, and irinotecan (FOLFIRI) and ramucirumab was commenced in October, 23 days after surgery. Although severe adverse events did not occur, a small dehiscence of the mucocutaneous junction and a small skin ulceration developed around the colostomy on November 1, 2016 after day 5 of the second cycle (Fig.  2a) , which progressively increased in size and became necrotic. We diagnosed the skin ulcer as an adverse effect of ramucirumab and stopped ramucirumab administration on November 25 (Fig. 2b) . The patient received only FOLFIRI, without ramucirumab, for the next three cycles. He underwent surgical debridement three times and showered twice a day, washing the ulcer around the colostomy. After reaching its maximum size on December 5 at day 11 of the first cycle of FOLFIRI without ramucirumab (Fig. 2c) , the ulcer slowly decreased in size and regenerating epithelium appeared. On January 20, 2017 (Fig. 2d) , about 2 months after the ramucirumab was stopped, therapy with FOLFIRI and ramucirumab was resumed. At day 15 after treatment resumption, he presented as an outpatient at our Emergency Department for anorexia and abdominal pain. CT imaging showed intraperitoneal free air due to perforation of the site of dehiscence of the mucocutaneous junction of the colostomy. He was managed non-operatively and treated with antibiotics because the peritonitis was not severe. He survived this event with non-operative management and began third-line treatment 20 days later.
Discussion
VEGF-targeted therapy is widely used for the treatment of metastatic cancer. Several studies have demonstrated that VEGF-targeted therapy in combination with various first-line and second-line chemotherapies significantly improves overall and progression-free survival. Clinical benefit has been derived from agents that bind to circulating VEGF, a key factor in vasculogenesis and angiogenesis [6] . VEGF is expressed in almost all organs and plays a fundamental physiological role [7] . These agents are generally well-tolerated, but by inhibiting VEGF, they have distinctive adverse effects, such as skin toxicity.
Skin toxicity is caused by blocked of vasodilation, increased vascular permeability, and angiogenesis [8] . The timing of VEGF-targeted therapy initiation and cessation warrants careful consideration because although skin toxicity is rare it is potentially life-threatening. Although there are a few reports on the skin toxicity of bevacizumab, there is no such report on ramucirumab, which is the most recently approved VEGF-targeted therapy.
Bose et al. reported impaired wound healing at a rate of 1.3% for adjuvant bevacizumab administered 28-60 days after surgery [9] . Cessation of bevacizumab is recommended at least 5 weeks before a surgical intervention, with treatment resumption no less than 4 weeks later because of the 21-day half-life of bevacizumab. The NSABP C-08 trial in the adjuvant setting for stage II or III colorectal cancer showed a skin toxicity rate of 1.7% in the bevacizumab group, with a median time to occurrence of 5 months [10] . The risk of skin toxicity increased even if it was initiated 6 weeks from the time of surgery and continued up to 6 months after its cessation. However, the half-life of ramucirumab was about 8 days. In our case, surgical intervention was performed 33 days after the final bevacizumab treatment and 21 days before the first ramucirumab treatment. Therefore, we believed that there would be no problem in our case, given the sufficient washout period around the operation. We could have stopped the treatment for a longer period; however, it was difficult to decide when to resume VEGFtargeted therapy.
The complication of necrosis of skin metastases has been reported in other cancers as well. Cottu et al. reported 12 cases of breast cancer with extensive skin involvement that were treated with bevacizumab [11] . Nine patients who had presented with erosive skin lesions developed deep ulcerations and necrosis, with large areas of skin layers lost and delayed healing of the surgical flaps, despite early discontinuation of bevacizumab. The average time to wound healing was 24 weeks (range 4-72, median 20). Considering the therapeutic effect of VEGF-targeted therapy, it is difficult to stop treatment for periods as long as 24 weeks. Therefore, it is important to be aware of this specific toxicity and treat it as soon as possible. By responding quickly to small erosions, the period of treatment interruption can be shortened without the progression to ulcers.
Conclusion
We report a case of a skin ulcer and delayed wound healing around a colostomy in a patient with mCRC receiving VEGF-targeted therapy.
Our case shows that careful attention must be paid when using VEGF-targeted therapy for cancer in patients with a colostomy. In the cases of appearance of small ulcers, immediate cessation of VEGF-targeted therapy should be considered and close care is important.
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